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Relative energies. 
 
Along the text, and in the previous work on the O3···HO hydrogen-bonded complexes 
(see reference [20]), we have pointed out the difficulties to obtain an accurate description 
of the whole potential energy surface (PES) of the O3 + HO reaction because of the 
differential correlation effects, so that different regions of the PES are better described 
by distinct theoretical approaches. Thus, for instance, the pre-reactive hydrogen bonded 
complex C1 is well characterized at CCSD(T)//QCISD level of theory, [20] but the 
region close to the transition states corresponding to the addition of the hydroxyl radical 
to ozone (TS1 and TS2) are better described at CASPT2//CASSCF level of theory.  
In order to get a good description of the PES to carry out the kinetic study, we have 
calculated the relative energies of all stationary points, which have been collected in 
Table 1 of the manuscript, taking into account the above discussion. Thus, as we 
concluded in reference [20] that the best energetic value regarding the stability of C1 is  
0.87 kcal·mol-1 (ΔE + ZPE taking into account the BSSE correction. See also Table 1 of 
reference [20]), which is obtained at CCSD(T)//QCISD and this value has been used to 
calculate the Keq. Consequently, the energy barriers of TS1 and TS2 (both transition 
states computed at CASPT2//CASSCF level), with respect to C1 (that are needed to 
perform the kinetic study), should be calculated taking into account this point. That is, 
for instance in the case of TS1, the energy barrier has been calculated (a) considering 
the energy difference TS1CASPT2 – C1CASPT2 (1.80 kcal.mol-1 according the values of 
Table S1), and (b) this value has been corrected taking into account the different 
stability of C1, with respect the reactants (O3+ HO), obtained at CASPT2 and CCSD(T) 
levels (3.19 kcal.mol-1  – 2.57 kcal.mol-1 = 0.62 kcal.mol-1, according to Table 1 of 
reference [20]) so that the energy barrier is 1.80 – 0.62 = 1.18 kcal.mol-1(ΔE value in 
Table 1 of the manuscript). Then, the corresponding ZPE and enthalpic corrections have 
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been added. The energy barrier for TS2 relative to C1 has been calculated in the same 
way. 
 
Table S1. Absolute values of the Energies, Enthalpies and Free Energies (in hartree) for 
the stationary points. 
     compound      spacea              Eb    Hb              Gb      spacec   Ed 
O3 (8,7) -224.500324 -224.489574 -224.517385 (12,9) -225.109322
O3 QCIe -225.082013 -225.071216 -225.098240 CCe -225.152491
HO (3,3) -75.437219 -75.425183 -75.444741 (5,5) -75.625409
HO QCIe -75.628546 -75.616652 -75.636872 CCe -75.645582
C1 QCIe -300.712406 -300.697919 -300.726501 CCe -300.802162
C1 (11,10) -299.990674 -299.966427 -300.006589 (17,14) -300.739817
TS1 (11,10) -299.973119 -299.949785 -299.983492 (17,14) -300.736944
TS1     CCe -300.797210
TS2 (11,10) -299.972570 -299.949285 -299.983253 (17,14) -300.736082
TS2     CCe -300.796538
HO4 Mf -299.961062   (17,14)f -300.796774
TS3 Mf -299.964355   (17,14)f -300.787998
O2 (8,7) -149.752327 -149.745475 -149.768760 (12,9) -150.119151
HO2 (3,3) -150.249937 -150.231256 -150.256520 (5,5) -150.686400
 
a (x,x) stands for the number of active electrons and the number of active orbitals of the 
CASSCF. 
b Values computed at CASSCF(x,x)/6-311+G(2df,2p) level. 
c (y,y) stands for the number of active electrons and the number of active orbitals of the 
CASPT2. 
d Single point CASPT2(y,y)/6-311+G(2df,2p) values at the CASSCF(x,x)/6-
311+G(2df,2p) optimized geometries. 
e QCI stands for values computed at QCISD/6-311+G(2df,2p); CC stands for single 
point CCSD(T)/aug-cc-pVTZ value at the QCISD/6-311+G(2df,2p) optimized 
geometry. See reference [20] 
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f M stands for values computed at MRCI/6-311+G(d,p); (17,14) stands for single point 
CASPT2(17,14)/6-311+G(2df,2p) values computed at MRCI/6-311+G(d,p)  optimized 
geometries. 
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Figure S1. Selected geometrical parameters for the HO4 radical optimized at 
CASSCF(11,10)/6-311+G(2df,2p).  
 
 
Kinetic study using the hindered rotor approximation. 
As already pointed out in the main text, the two saddle points TS1 and TS2 are 
connected by a rotation of the HO moiety and therefore we could have considered to 
perform the kinetic study using the connection between the two transition states and 
applying the hindered rotor approximation [56,57] in order to include both of them in the 
same partition function. The energy profile connecting these two saddle points is 
depicted in Figure S2 and has been computed at CASPT2//CASSCF level of theory by 
performing a set of successive calculations, keeping frozen dihedral angle and 
optimizing the remaining  geometrical parameters each. The shallow minimum of that 
profile was used for the kinetic analysis and the potential energy barrier for the hindered 
rotor has been calculated with respect to the lowest minimum. The calculations have 
been done using the treatment proposed by Chuang and Truhlar [57] for the case of a 
molecule with a low frequency torsion in the CW scheme with nonsymmetrically 
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equivalent minima P=2 and σ = 1. The results are displayed in Table S2. Within this 
model, we have computed a rate constant at 298 K of  2.88 x 10-14 cm3·molecule-1·s-1, 
which is somewhat smaller than the value computed considering the two competitive 
channels and displayed in Table 2 of the main text. For a sake of completeness, we have 
also included in Table S2 the kinetic study employing the conventional transition state 
theory.  
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Figure S2. Energy profile for the HO internal rotational at the TS1 transition state.
The energy is computed at the CASPT2(11,10)/6-311+G(2df,2p)//CASSCF(11,10)/6-
311+G(2df,2p) level of theory.
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Table S2. Equilibrium constant (Keq, in cm3·molecule-1), rate constants for elementary 
reaction with the conventional transition state and with the hindered rotation 
approximation (k(T)TS1, k(T)TS2 and k2(T)HR in s-1), calculated overall rate constants 
with the conventional transition state theory and the hindered rotation approximation 
(k(T)CALC,TST =  Keq · ( k(T)TS1 + k(T)TS2 )  and k(T)CALC,HR = Keq · k2(T)HR  in 
cm3·molecule-1·s-1) and experimental rate constant (k(T)EXP in cm3·molecule-1·s-1) for the 
O3 + HO reaction in the gas phase for the temperature range 220-450 K. 
 
 
 
  T(K) Keq k(T)TS1 k(T)TS2 k2(T)HR k(T)CALC,TST k(T)CALC,HR k(T)EXP
220 1.24E-23 3.07E+09 1.26E+09 1.56E+09 5.39E-14 1.94E-14 2.37E-14
240 1.06E-23 3.94E+09 1.78E+09 2.06E+09 6.08E-14 2.19E-14 3.38E-14
270 8.92E-24 5.28E+09 2.69E+09 2.86E+09 7.11E-14 2.55E-14 5.23E-14
298 7.92E-24 6.56E+09 3.65E+09 3.64E+09 8.09E-14 2.88E-14 7.25E-14
300 7.87E-24 6.64E+09 3.72E+09 3.70E+09 8.15E-14 2.91E-14 7.41E-14
350 6.88E-24 8.84E+09 5.60E+09 5.08E+09 9.93E-14 3.49E-14 1.16E-13
400 6.39E-24 1.09E+10 7.52E+09 6.36E+09 1.18E-13 4.06E-14 1.62E-13
450 6.16E-24 1.27E+10 9.48E+09 7.60E+09 1.37E-13 4.69E-14 2.11E-13
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Table S3. CASSCF/6-311+G(2df,2p)a partition functions for the stationary points in the 
220 – 450 K temperature range.  
 
         T (K)       O3       HO          C1         TS1         TS2 
 
220 1.22E+10 2.10E+07 1.31E+14 1.35E+12 1.57E+12 
240 1.73E+10 2.85E+07 2.55E+14 2.19E+12 2.58E+12 
270 2.80E+10 4.30E+07 6.39E+14 4.31E+12 5.12E+12 
298 4.19E+10 6.07E+07 1.40E+15 7.73E+12 9.29E+12 
300 4.31E+10 6.22E+07 1.48E+15 8.05E+12 9.67E+12 
350 8.19E+10 1.07E+08 5.18E+15 2.09E+13 2.54E+13 
400 1.44E+11 1.70E+08 1.58E+16 4.96E+13 6.11E+13 
450 2.40E+11 2.57E+08 4.33E+16 1.10E+14 1.37E+14 
 
 
a) Active spaces used: O3 (8,7); HO (3,3); C1 (11,10); TS1 (11,10) and TS2 (11,10). 
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Table S4. Cartesian coordinates of the optimized stationary points. 
CASSCF/6-311+G(2df,2p) 
O3 (8,7)    
O 0.000000 0.000000 0.431787 
O 0.000000 1.067231 -0.215893 
O 0.000000 -1.067231 -0.215893 
HO (3,3)    
O 0.000000 0.000000 0.057214 
H 0.000000 0.000000 -0.908033 
TS1 (11,10)    
O -1.613281 -0.662318 0.003625 
O -1.044981 0.461848 -0.346613 
O 0.014507 0.737235 0.407464 
O 1.502926 -0.237762 -0.391263 
H 1.512812    -0.855675 0.360518 
TS2 (11,10)    
O -1.705894 -0.645007 0.179041 
O -1.124591 0.388965 -0.371143 
O -0.008586 0.727729 0.267785 
O 1.415670 -0.300093 -0.581319 
H 1.799068 0.508444 -0.963410 
M1 (11,10)    
O -1.607773 -0.680479 0.055892 
O -1.167860 0.454116 -0.430725 
O -0.056357 0.898817 0.402533 
O 1.079588 0.113534 -0.023708 
H 0.985397 -0.660617 0.553548 
M2 (11,10)    
O -1.628360 -0.662814 0.147923 
O -1.088874 0.392506 -0.414219 
O 0.186683 0.651653 0.238002 
O 1.145263 -0.182254 -0.459123 
H 1.436170 0.424200 -1.157529 
HO2 (3,3)    
O 0.619492 -0.066499 0.000000 
O -0.678916 0.013268 0.000000 
H 0.943108 0.844823 0.000000 
O2 (8,7)    
O 0.000000 0.000000 -0.607509 
O 0.000000 0.000000 0.607509 
 
QCISD/6-311+G(2df,2p) 
C1 (11,10)    
O -1.166875 0.657583 0.000000 
O 0.000000 1.130837 0.000000 
O -1.288474 -0.579394 0.000000 
H 1.538921 -0.501225 0.000000 
O 2.262984 -1.146372 0.000000 
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MRCI/6-311+G(d,p) 
HO4    
O 0.000000 0.000000 0.000000 
O 1.182880 0.000000 0.000000 
O 1.786450 1.701256 0.000000 
O 0.787666 2.392338 0.521530 
H 0.208052 2.392338 -0.213361 
TS3    
O 0.000000 0.000000 0.000000 
O 1.151886 0.000000 0.000000 
O 1.812796 1.884230 0.000000 
O 0.810295 2.560145 0.519249 
H 0.232680 2.766688 -0.216864 
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Table S5. Schematic description of the active spaces used in the CASSCF calculations. 
Species  State Space
a Description 
O3 
 
(X1A1) 
 
(8,7) 
 
Two bonding σ(O-O) and two π orbitals plus the two 
antibonding σ*(O-O) and one π* orbitals. 
HO 
 
 
(X2Π) 
 
 
(3,3) 
 
 
The bonding σ(HO) orbital, the p(HO) orbital which contains 
the unpaired electron and the corresponding antibonding 
σ*(HO) orbital. 
TS1 
TS2 
 
 
(2A) 
(2A) 
 
 
(11,10) 
 
 
Two σ(O3) orbitals and their corresponding antibonding σ* 
orbitals; two π(O3) and one π*(O3) orbitals; one σ(HO) and 
the corresponding antibonding σ*(HO) orbital; and the 
p(HO) orbital which contains the unpaired electron. 
 
a (x,x) stands for the number of active electrons and the number of active orbitals. 
 
 
 
 
 
